1. The advent of recombinant DNA technology in the 1970s of the last century has revolutionised molecular biology and genetics in general. In combination with parallel developments of the necessary supportive techniques, modern biotechnology has led to useful genetic modifications of microorganisms, plants and animals and generated, inter alia, a number of new therapeutics and diagnostics. From the very beginning of these developments, it had to be clarified whether and if, under which conditions and to what extent inventions related to living matter should be eligible for patent protection. In the European Union these questions were resolved by the EU Directive on the Legal Protection of Biotechnological Inventions 98/44 of 6 July 1998, 1 which contains detailed provisions on patent eligibility and some specifically aimed at preventing that patents could be granted for inventions affecting, for instance, human dignity. from invading viruses and plasmids, 3 they also realised that the CRISPR-Cas mechanism could offer considerable potential for gene-targeting and genome editing applications. 4 Since then CRISPR-Cas technology has been at the centre of scientific discussion. This is because the new technology permits the "direct manipulation of virtually any gene of a living organism more easily, cheaply, and accurately than has ever been possible before". Indeed, the use of CRISPR-Cas technology in plants and animals has already generated remarkable practical results. Using CRISPR-Cas techniques licensed from the Vilnius University in Lithuania and Berkley, California-based Caribou Biosciences, Inc., DuPont Pioneer from Johnston, Iowa, by knocking out the endogenous waxy gene Wx1 in corn generated a waxy corn to contain starch composed exclusively of branched polysaccharide amylopectin -a commodity in processed foods, adhesives and high-gloss paper. The company expects to commercialise this plant within five years. Promising R&D work using CRISPR Cas technology is also reported for the gene edited mushrooms, fruit and vegetables, to knock out genes that encode polyphenol oxidase (PPO), an enzyme that causes browning in many fruit and vegetables (cf. E. Waltz, CRISPR Edited Crops Free to Enter the Market, Skip Regulation, 34 Nature Biotechnology 582 (June 2016)). Successful use of CRISPR techniques for editing the genome of animals has also already been reported (cf., e.g., D. 4. The statement emphasises that "intensive basic and preclinical research is clearly needed and should proceed, subject to appropriate legal and ethical oversight, on (i) technologies for editing genetic sequences in human cells, (ii) the potential benefits and risks of proposed clinical uses, and (iii) understanding the biology of human embryos and germline cells." It adds, however, that, if, in the process of research, early human embryos or germline cells undergo gene editing, the modified cells should not be used to establish a pregnancy. As regards somatic gene therapy the view is expressed that "because proposed clinical uses are intended to affect only the individual who receives them, they can be appropriately and rigorously evaluated within existing and evolving regulatory frameworks for gene therapy, and regulators can weigh risks and potential benefits in approving clinical trials and therapies. 
Statement on Patent-Related Aspects of CRISPR-Cas Technology
In regards to germline gene therapy, the statement observes that, in principle gene editing might also be used to make genetic alterations in gametes or embryos, which will be carried by all of the cells of a resulting child and will be passed on to subsequent generations as part of the human gene pool. 
»
Notwithstanding the ingenuity of the idea underlying the CRISPR-Cas technology, this technique does not fundamentally differ from the known techniques of rDNA technology, but rather enables its more precise, efficient and safe use. Its core sits in transfer vectors designed following the insights gained from the CRISPR-Cas mechanism. Consequently, patenting of CRISPRCas technology as such does not pose any specific problems. Problems, however, arise when the use of this technology in particular in humans is at stake.
As already emphasised, the EU Biotech Directive of 1998 contains rules which were specifically designed to prevent patents which would offend the dignity and integrity of the person. Therefore the human body, at any stage in its formation or development, including germ cells, cannot be patented [Recital 16 and Article 5 (1)]. The same is true for processes, the use of which offends against human dignity, such as processes to produce chimeras from germ cells or totipotent cells of humans and animals [Recital 38]. in July 2015, the Berlin-Brandenburg Academy of Sciences and Humanities expressed similar views, i.e. pleaded for a temporary moratorium as regards germline therapy. It recommended that the period of moratorium should be used for further research on the opportunities and risks of the method and for social debate on the ethical and legal questions of germline therapy. successful growth of an early human embryo and to understand how its cells begin to develop specialist roles before it implants itself into the womb. It is reported that the scientists at the London institute will let the embryos die after seven days.
11 This decision 
Considering that a patent for invention does not authorise the holder to implement that invention, but merely entitles him to prohibit third parties from exploiting it for industrial and commercial purposes, considering further, that substantive patent law cannot serve to replace or render superfluous national, European or international law which may impose restrictions or prohibitions or which concern the monitoring of research and of the use or commercialisation of its results, notably from the point of view of the requirements of public health, safety, environmental protection, animal welfare, the preservation of genetic diversity and compliance with certain ethical standards (Recital 14), it is up to the national, European or international legislator to decide if and how to regulate the use of advances which the CRISPR-Cas technology offers for intervention in humans, animals and plants. The existing specific EU patent rules, which were also incorporated into the Implementing Regulations to the European Patent Convention (EPC), offer an efficient fence against patents which would offend human dignity and human integrity, or which would cause animal suffering without substantial medical benefit to man or animal. Those specific non-exhaustive rules are complemented with the general clause, setting forth that inventions shall be considered unpatentable where their commercial exploitation would be contrary to ordre public or morality (Article 6 (1), Article 53 (a) EPC).
7. Taking into account the principles enshrined in the EU Biotech Directive and the Implementing Regulations to the EPC, further taking into account the patent granting practice of the European Patent Office, the ALLEA Permanent Working Group on Intellectual Property Rights is of the opinion that the patent law in force in the EU and set forth in the EPC provides, on the one hand the necessary incentives for successful development and use of CRISPR-Cas technology across all fields of life sciences, but at the same time also provides all the necessary safeguards that no patents can be granted for inventions, also those using CRISPR-Cas technology, which would in any way offend human dignity and/or integrity, or lead to animal suffering without sufficient justification. Those rules are flexible enough as to take into account also future regulatory developments which may provide new rules as regards the use of CRISPR-Cas technology in humans and animals, but if it proves necessary, also in plants. Legislative reforms in patent field are not required at the present stage.
Of direct importance as regards the use of CRISPR-Cas technology in humans and animals are the rules of the Directive which explicitly declare the following inventions as unpatentable:
-The human body, at the various stages of its formation and development [Article 5 (1)]; -processes for modifying the germ line genetic identity of human beings [Article 6 (2)(b)]; -uses of human embryos for industrial or commercial purposes [Article 6 (2) (c)]; -processes for modifying the genetic identity of animals which are likely to cause them suffering without substantial medical benefit to man or animal, and also animals resulting from such processes [Article 6 (2)(d)].
Moreover, Article 9 of the Directive sets forth, on the one hand, that the protection conferred by a patent on a product containing or consisting of genetic information shall extend to all materials in which the products is incorporated and in which the genetic information is contained and performs its function, but, on the other hand, clarifies that this protection does not extend to the human body at its various stages of its formation and development ["save as provided in Article 5 (1)"]. This clarification is of particular importance because CRISPR-Cas technology has opened new avenues for the somatic gene therapy, which is, in principle, eligible for patent protection, and whose application will result in introducing into the human body also patented products "containing or consisting" of genetic information.
The above explained legal situation is well reflected in the present patent granting practice of the European Patent Office, where patents with claims were granted for compositions based/using CRISPR-Cas technology, but where claims for the use of such compositions for genome engineering were limited by the clarifying addition: "Provided that such use is not a method for treatment of the human or animal body by surgery or therapy, and provided that said use is not a process for modifying the germline genetic identity of human beings."
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